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ABSTRACT 


Design information is given to provide ship structural 
designers with convenient tabulations of the properties of 
built-up T-beams for the following high-strength materials: 
HY-80, HY-100, HY-130, and Ti 6A1-4V extra low interstitial. 
The T-beams are arranged in order of increasing sectional 
area for each material. Criteria for proportioning the T- 
beams are included in this report. 

The unit system used in the tables is English. No 
attempt has been made to convert to metric units at this time 
since the majority of structural designs are still done in 
English units. 


ADMINISTRATIVE INFORMATION 
The work reported herein was authorized and funded by the Naval Sea 
Systems Command (03511) under Research Development Test and Evaluation 
Element 62534N, Task Area SF 43 422 593, Task 20445, Program Code 053, 
Work Unit title Advanced Ship Structures, Work Unit 1-1730-053-37. 


INTRODUCTION 

In its quest for faster and lighter ships, the Navy is investigating 
the use of materials with a high strength-to-weight ratio. Materials of 
primary interest are HY-80, HY-100, HY-130, and Ti 6A1-4V extra low in- 
terstitial (ELI). 

Design information contained in this report was developed primarily 
for use in the structural synthesis design program (sspp) 2°? This publi- 
cation, as a separate report, provides ship structural designers with con- 
venient tabulations for built-up T-beams of higher yield material acting 
in combination with a range of plate sizes. A similar document for 


aluminum built-up T-beams was published in 1974.° 


lyappi, N.S. and F.M. Lev, "Midship Section Design for Naval Ships," 
NSRDC Report 3815 (1972). A complete listing of references is given cn 
page 12. aa AGT 143% 


vals, R.W. et al., "Manual for Use of Structural Synthesis Design 


Program," DINSRDC Report 1 (1977). 
R 


sLev, F.M. and N.S. Nappi, "Properties of Combined Aluminum Beam and 
Plate," NSRDC Report 4336 (1974). 19% 1b 
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REMERON Ce 


Dimensional limitations for T-beams made of high-strength steel and 
titanium were computed by the formulas contained in the U.S. Navy design 
data sheet.“ By applying these dimensional limitations to the present 
mild steel beams used in the stryctural synthesis design program, it was 
found that approximately 50 percent of the beams in that catalog were un- 
acceptable for use if made of HY-80, H¥-100, HY-130, or Ti 6A1-4V ELI 
materials. Therefore, a definite need existed for developing T-beams with 
dimensions based on the properties of the higher yield materials. By using 
the built-up T-beams described in this report, more efficient structural 
designs can be produced for higher yield materials. 


DETERMINATION OF EFFECTIVE PLATING WIDTH 
When the plate is considered to be acting in combination with a T-bean, 
selection of an effective width of plating is based on the following 


formdia® 


where E is modulus of elasticity 
oy is tensile yield strength 
t is thickness of plate in inches. 

Table 1 gives the values used for effective width for the various 
materials considered. The standard thicknesses of high yield plate 
available up to 2 inches are given in Table 2. Section properties listed 
in Appendixes A through D apply only when stiffener spacing is equal to 


or greater than effective width. 


DIMENSIONAL PROPORTIONING 
Proportioning of the T-beams was accomplished by using equations 


given in References 1 and 4. Use of these equations insured that local 


bust rength of Structural Members,” Design Data Book, Department of the 
Navy, Bureau of Ships Classification DDS 9110-4 (1956). 
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buckling of the flange and web would not occur at less than the yield 


strength of the material. The following limitations have been imposed 
on the dimensions of the built-up T-beams. 
The maximum web-depth-to-web-thickness ratio (b /t.) is determined by 
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where E is modulus of elasticity 


v is Poisson's ratio 


¥ 


Oy ae et MLS ae ae 


o, is yield strength 


k_ is coefficient dependent on plate aspect ratio, loading 
conditions, and boundary conditions. 


TABLE 2-5 DIMENSIONAL LIMITATIONS FOR T-BEAMS OF HIGH-YIELD MATERIAL 


Modulus of Yield Web Depth 
Elasticity | Strength to Web 
Thickness 


UN SRR NUN RS Sorel ar riety 


Material 


psi psi 


b /t 
w w 


HY-80 29.0 x 10° | 
i : HY-100 29.0 x 10° 
: j HY-130 29.0 x 10° 
| : Ti 6A1-4v ELI] 16.5 x 10° 


*Where t is the thickness of plate in inches. 
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TABLE 2 - STANDARD THICKNESS OF PLATES 


Inches 


(0.1250) 
(0.1563) 
(0.1875) 
(0.2188) 
(0.2500) 
(0. 2813) 
(0.3125) 
(0.3438) 
(0.3750) 
(0.4375) 
(0.5000) 
(0.5625) 
(0.6250) 
(0. 6875) 
(0.7500) 
(0.8750) 
(1.0000) 
(1.1250) 
(1.2500) 
(1.3750) 
(1.5000) 
(1.7500) 
(2.0000) 
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The following assumptions were used to determine ko: 
1. The web aspect ratio is greater than 4, long and slender. 
2. The limiting design-loading condition of uniform-edge compression 
is used. ; 
3. The boundary conditions used are simply supported at the flange 
and fixed at the plate. 
With these assumptions, k,=5.42.° 
A typical calculation for determining maximum b/t, follows: 


dy, = 80,000 psi for HY-80 
BE. =. 29 x 10° psi. for HY-80 
a, 
b ft. eyf E29 x 20°) (5.42) 
uioy 12(1~0.3)80, 000 
b/t, = 42 


The ratio of flange width to thickness is determined from 


be/t, = VE/o 
_ ./29 x 10° 
80, 000 
b,/t, = 19 


Dimensional limitations used in this report are given in Table l. 


CALCULATION OF MINIMUM-FLANGE-WIDTH-TO-WEB-THICKNESS RATIO 
To produce the maximum local buckling strength of the web of a T-beam, 
the flange must have sufficient bending stiffness so that the web will 
buckle in the mode of a plate, simply supported along both edges.” For 
this maximum web-buckling strength to be reached, the inertia of the flange 


5 
Brockenbrough, R.L. and B.G. Johnston, "U.S. Steel Design Manual," 


(1974). 
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(I,) must be determined by the larger of the following a 
~ 3 2 
I, = 1.85 by t + 2.73 AL t 


3 2 3 2 2 
I, 0.118 b, to (a/b - 0.41)” + 0.47 b, i 0.43 Ar t (a/b) 


where a/b is aspect ratio of the T-beam. (This study used a/b = 4.) 

It was noted during the calculations that one could determine a 
minimum ratio of flange width to web thickness b,/t, necessary to provide 
a simple support at the intersection of flange and web. The calculations 
showed that a minimum value of 10 for the be/ty ratio was required for this 
support condition. 


ADDITIONAL CONSTRAINTS FOR BEAM SELECTION 
The built-up T-beams listed in Appendixes A through D offer the ship 
structural designer a wide range of beam dimensions for design consider- 


ations. These ranges are as follows: 


Inches 
From To : 

Range 1 - Web Depth 3 10 i 

Flange Width 1 8 

Web Thickness 0.1250 0.8750 

Flange Thickness 0.1250 1.2500 - 
Range 2 - Web Depth 12 18 

Flange Width 4 12 

Web Thickness 0.1250 1.2500 

Flange Thickness 0.2188 1.5000 
Range 3 - Web Depth 21 36 

Flange Width 8 17 

Web Thickness 0.3750 1.6250 

Flange Thickness 0.4375 2.0000 


Two additional constraints were used for final beam selection and have 


been presented in the following sections. 


®sieich, F., "Buckling Strength of Metal Structures," McGraw-Hill Book 
Company (Division of McGraw-Hill, Inc.) New York (1952). 
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INTERMEDIATE LATERAL SUPPOR‘ 
When a T-beam attached to a plate is subjected to bending and/or 


direct compressive stresses, there is the possibility of lateral buckling, 
i.e., laying over of the outstanding flange. To prevent this lateral 
buckling problem, a criterion of maximum permissible ratio of beam length 
to flange width has been established to provide adequate stability of the 
outstanding flange.’ This ratio of beam length (without intermediate 
lateral support) to flange width is given by the following equation 


where S_ is safe length for stable T-beam 


Oo is critical buckling stress 


m is a constant, depending on degree of end constraint 


E is modulus of elasticity 


Since it is desirable for a T-beam to retain its lateral stability until 
stressed to the yield point of the material, Le was set equal to oy The 
constant m was set equal to ¥2 because the ends of the beam flanges are 
partially constrained in normal shipbuilding practices. ’ 

When the depth of the web and width of the flange are held constant, 
and the thicknesses of the web and flange are varied, the variation of 
safe beam length versus the cross-sectional area of T-beam is shown in 
Figure 1. It can be seen that as the area (weight) increases, some T-beam 


sections have a shorter safe length than had the previous T-beam section, 


Design Data for Tee Stiffeners,"' Navy Department, Bureau of Ships 


Report 017969 (1944). 


Since an increase in weight with a reduction in safe length is a penalty 
to the designer, only T-beam sections along the dotted line in Figure 1 


have been chosen. 


EFFECIENT SECTION MODULUS DETERMINATION 
Plate and beam combinations used in ship structures are subjected to 
both axial compressive and bending stresses. The equation for bending 


stress is 


Nix 


where 0 is bending stress 
M is bending moment 


Z is section modulus 


The section modulii of plate-beam combinations for aluminum, mild 


steel and high-tensile strength (HTS) steel have been tabulated, for use 
by designers, in References 3 and 8. 
For the higher strength steels and titanium, used in this report, the 


j theoretically most efficient section modulus (Z ) was determined, as 


EFF 
shown below, using the information from strength of materials.” This sec- 
tion modulus is found when most of the material is as far from the neutral 


axis as possible. 


| A2 
P| 

1 h/2 
Z EFF = 2+ Arorg, *P——— Lf 
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| Smanual of Properties of Combined Beam and Plate, Part I, Tees and 

i Angles," Coordinated by the Society of Naval Architects and Marine Engineers 
| for the Maritime Administration, U.S. Department of Commerce, and the 
Bureau of Ships, Department of the Navy, NAVSHIPS 250-443-1, Part I (up- 


dated). 
9 


Timoshenko, S. and D.H. Young, “Elements of Strength of Materials," 


— 


McGraw-Hill Book Company (Division of McGraw-Hill, Inc.) New York (1968). 


The minimum section modulus (yr? for a plate-beam combination is then di- 


vided by the theoretically most efficient section modulus (Z ) to determine 


EFF 
the percent of efficiency of the plate-beam combination. Figure 2 is an 


illustration of the variation of percent efficiency (Zyry/2 ) with select- 


ed T-beam for a typical thickness of plate. An arbitrary Zoe value can 
be selected to eliminate unnecessary (inefficient) plate-beam combinations. 
(This study used 50 percent.) The resulting plate-beam combinations were 
used in the remainder of the study. 

Figure 3 shows minimum section modulus versus area of T~beam section. 
One can see that for an increase in area of the T-beam section, the in- 
crease in section modulus is small for some of the T-beam sections. There- 
fore, only those above the dotted line of Figure 3 were used for the final | 

] 


selection. 


SYMBOL NOMENCLATURE AND DEFINITION 
The section properties of combined beam and plate for high strength 
steels and titanium are given in Appendixes A through D. They are intended 
to be used in designing ship structures, when the plate is considered to 
act as one of the flanges of the attached member. Beams are arranged in 


order of increasing sectional area. The symbols used are defined as 


follows: 
Nomenclature: Definition 
Beam area Area of beam only in square inches 
| Beam depth Depth of beam to the plate in inches 
Flange thick Thickness of beam flange in inches 
4 Flange width Width of beam flange in inches 
‘| Inertia Moment of inertia of combined beam and plate in inch® 
Nominal size Beam designation for built-up beams--web depth times 
j flange width times thickness of web/thickness of flange 
R Radius of gyration of combined beam and plate in inches 
1 Shear area Shear area of combined beam and plate (depth of beam plus 
” plate thickness times thickness of web) in square inches 
Web thick Thickness of web in inches 


We/ft Weight per foot of beam only, in pounds per foot, based on 
unit weight of 0.283 pound per cubic inch (1b/in. >) for 
steel and 0.160 1b/in.? for titanium 


Nomenclature: Definition--continued 


YF Distance from neutral axis to the beam flange in inches 


Distance from neutral axis to the plate in inches 
Section modulus to the flange in cubic inches 


Section modulus to the plate in cubic inches 
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Figure 3 - Section Modulus versus Area of T-Beam 
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APPENDIX C 
PROPERTIES OF COMBINED BEAM AND PLATE FOR HY~130 STEEL 
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